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decisionMaking and Executive Function in Male
dolescents with Early-Onset or Adolescence-Onset
onduct Disorder and Control Subjects
raeme Fairchild, Stephanie H. M. van Goozen, Sarah J. Stollery, Michael R. F. Aitken, Justin Savage,
imon C. Moore, and Ian M. Goodyer
ackground: Although conduct disorder (CD) is associated with an increased susceptibility to substance use disorders, little is known
bout decision-making processes or reward mechanisms in CD. This study investigated decision making under varying motivational
onditions in CD.
ethods: Performances on the Risky Choice Task (RCT) and the Wisconsin Card Sorting Test (WCST) were assessed in 156 adolescents (84
ontrol subjects, 34with adolescence-onset CD, and38with early-onset CD). TheRCTwasperformed twice, onceunder normalmotivational
onditions and once under conditions of increased motivation and psychosocial stress.
esults: Increased motivation and stress led to more cautious decision making and changes in framing effects on the RCT in all groups,
lthough such effects were least pronounced in the early-onset CD group. Participants from both CD subgroups selected the risky choice
ore frequently than control subjects. Under normal motivational conditions, early-onset CD participants chose the risky choice more
requently in trials occurring after small gains, relative to control subjects and adolescence-onset CD participants. Following adjustment for
Q differences, the groups did not differ significantly in terms of WCST performance.
onclusions: Differences in decision making between control subjects and individuals with CD suggest that the balance between
ensitivity to reward andpunishment is shifted in this disorder, particularly the early-onset form.Our data onmodulationof decisionmaking
ccording to previous outcomes suggest altered rewardmechanisms in early-onset CD. TheWCST data suggest that impairments in global
xecutive function do not underlie altered decision making in CD.ey Words: Conduct disorder, decision making, developmental
axonomic theory, executive function, reward, risk, stress
hildren and adolescents with conduct disorder (CD) (1)
show a propensity toward risk taking and reckless behav-
ior, suggesting difficulties with decision making and
mpulsivity. They are also more susceptible to substance abuse
2), potentially reflecting altered sensitivity of reward mecha-
isms and persistent selection of options with short-term benefits
espite negative long-term consequences.
Decision-making difficulties in CD may stem from deficits in
motional and executive function (EF). Bechara et al. (3) have
emonstrated that patients with ventromedial frontal cortex
amage exhibit decision-making impairments on the Iowa Gam-
ling Task (IGT) (3), interpreting these results as reflecting an
nability to use somatic or emotional markers to choose between
ompeting options and, in particular, signify options with poten-
ial for adverse consequences (4,5). Conduct disorder is associ-
ted with reduced amygdala and anterior insula volume (6) and
europsychological deficits consistent with putative amygdala
ysfunction (7–9). These deficits may alter the influence of
motion on decision making in individuals with CD. Evidence for
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oi:10.1016/j.biopsych.2009.02.024 © 200executive dysfunction in CD or its milder variant, oppositional
defiant disorder (ODD), is less compelling, although children
with ODD experience difficulty in responding to changes in
environmental contingencies, e.g., suppressing responses to
previously rewarded stimuli when they become associated with
punishment (10).
Given these lines of evidence, decision-making impairments
might be expected in individuals with CD, but empirical data are
limited. Compared with control subjects, adolescents with dis-
ruptive behavior disorders (DBDs) only exhibited deficits in IGT
performance when playing it for a second time, a week after the
first attempt (11), thereby failing to show improved performance
over time.1 Iowa Gambling Task performance was significantly
impaired in children with high levels of psychopathic traits,
relative to control subjects (12). It is not known whether CD
participants low in psychopathic traits show decision-making
impairments.
The first aim of the study was to characterize decision making
under risk, where outcome probabilities are explicitly provided,
under differing motivational conditions in male adolescents with
CD and healthy control subjects. Iowa Gambling Task perfor-
mance deficits may reflect impairments in multiple neuropsycho-
logical processes, including working memory, reversal learning,
or sensitivity to reward/punishment (13). Consequently, we used
a modified version of the Risky Choice Task (RCT) (14), a more
direct measure of decision making that could be played twice in
1It should be noted that the DBD group in that study was largely
comprised of participants with attention-deficit/hyperactivity disorder
(only 5 of 33 participants had CD); thus, it is not clear whether these
findings can be generalized to adolescents with CD/ODD. Further-
more, the experimental groups were unbalanced in terms of gender,
with more male participants in the DBD group relative to the control
group.
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G. Fairchild et al. BIOL PSYCHIATRY 2009;66:162–168 163he test battery to examine effects of increased motivation and
tress. We felt it would be informative to measure decision
aking under conditions of heightened motivation and stress
ecause differences between control subjects and individuals
ith DBDs may be most evident in “hot” motivational contexts
10,15). This could be partly due to physiological hyporeactivity
bserved during stress in children and adolescents with DBD,
articularly CD and ODD (16,17). Furthermore, by enhancing
articipants’ motivation to perform well on the task, we sought to
inimize the possibility that apathy or lack of engagement
ould underlie group differences in decision making.
A second aim was to assess global executive function in CD
sing the Wisconsin Card Sorting Test (WCST) (18,19). This
ould allow us to assess the relationship between global exec-
tive function and decision making and test the specificity of
hanges in motivational or emotional aspects of executive func-
ion that would be reflected in RCT performance changes.
mong other cognitive processes, the WCST measures set shift-
ng, which can be considered a measure of “cold,” or nonaffec-
ive, executive function (20). Neuroimaging studies suggest that
he RCT and WCST may recruit partially dissociable neural
ircuits (21,22), consistent with this fractionation of hot and cold
xecutive function.
Our third aim was to examine potential effects of age of CD
nset, as early-onset (or childhood-onset) CD is suggested to be
niquely associated with neuropsychological impairment (23). In
ontrast, adolescence-onset CD is argued to arise primarily due
o social modeling of antisocial peers. We investigated whether
his distinction, as suggested by the developmental taxonomic
heory (23), would extend to differences in decision making and
eward mechanisms. Previous studies reported intact WCST
erformance in male early-onset and adolescence-onset CD
articipants (24), although female participants with CD showed
ncreased perseverative errors on the WCST (25). However, few
ata are available on decision-making processes or hot executive
unction in CD.
We hypothesized that increased motivation/stress would pro-
ote cautious choices on the RCT in control subjects. Adoles-
ents with early-onset CD were predicted to show increased
isky decision making relative to control subjects, with differ-
nces most pronounced under conditions of increased motiva-
ion/stress. We anticipated group differences in experimental
amble frequency following certain outcomes, with CD partici-
ants less dissuaded by losses in previous trials due to insensi-
ivity to punishment cues. Given their impaired function, vulner-
bility to substance abuse, and poorer adult outcomes (26), we
lso expected heightened risky decision making in adolescence-
nset CD participants, contrary to the developmental taxonomic
heory (23). Finally, early-onset CD participants were predicted
o show increased WCST perseverative errors given previous
ata showing response perseveration in children with ODD (10)
nd female adolescents with CD (25).
ethods andMaterials
articipants
Male adolescents aged 14 years to 18 years were recruited
rom mainstream schools and colleges, pupil referral units, and
he Cambridge Youth Offending Service. All participants gave
ritten informed consent, and the study was approved by the
ocal Research Ethics Committee.
Diagnostic interviews using the Kiddie Schedule for Affectiveisorders and Schizophrenia for School-Age Children-Presentand Lifetime Version (K-SADS-PL) (27) were completed with all
participants and their caregivers to assess for current and lifetime
psychopathology. This process yielded 84 control subjects with
no lifetime history of DBD and no current psychiatric illness and
72 adolescents with CD or ODD, of whom 38 had early-onset CD
(EO-CD) and 34 had adolescence-onset CD (AO-CD). The latter
group included six participants with adolescence-onset ODD
only.
Exclusion criteria for participation were IQ  75 as estimated
using Vocabulary and Block Design subtests of the Wechsler
Abbreviated Scale of Intelligence (28), presence of pervasive
developmental disorder or chronic physical illness, and current
use of steroid medication.
Participants were allocated to the EO-CD group if they or their
caregivers reported at least one CD symptom and functional
impairment was present before the age of 10 or if they met full
criteria for ODD before age 10 and developed CD after age 10.
Inclusion in the study was based on lifetime diagnoses of
CD/ODD, although most (95.8%) index cases had a current
CD/ODD diagnosis.
Eleven participants with EO-CD and six with AO-CD had
comorbid attention-deficit/hyperactivity disorder (ADHD). All
had been medication-free for 6 months. Two AO-CD and five
EO-CD participants had comorbid major depressive disorder
(MDD).
Psychopathic traits were measured using the Youth Psycho-
pathic Traits Inventory (YPI) (29), and parental socioeconomic
status was estimated using the National Statistics Standard Occu-
pational Classification 2000 guidelines. Drug and alcohol use
were assessed using the Adolescent Alcohol and Drug Involve-
ment Scale (30).
Design
The study involved playing the RCT twice: once under normal
conditions (no monetary incentive) and then under increased
motivation/stress conditions (as part of a standardized laboratory
stressor with a monetary incentive, see below). These were
played in the same order by all participants.
Decision-Making Task
A modified version of the RCT (14) was used. Two wheels were
presented on screen, showing the points available and the relative
probability of each outcome. Participants were given 4 seconds to
make their choice, after which time “Please choose now” appeared
on screen. On most trials, one wheel served as a “control” gamble.
It provided a .5 chance of gaining 10 points and a .5 chance of losing
10 points (Figure 1, left wheel). The alternative, “experimental”
gamble varied systematically in terms of the probability of a gain
(.75 or .25), the magnitude of the possible gain (80 or 20 points),
and the magnitude of the possible loss (80 or 20 points) (for
example, see Figure 1, right wheel). Different combinations of these
variables yielded eight trial types varying in the relative expected
value of the two options (delta expected value [EV]) (Supplement
1). For example, in Figure 1, the left wheel has an EV of 0 (.5 10
.5  10), whereas the right wheel has an EV of 5 (.25  80 
.7520). Thus, the difference in EV (EV) between these choices
(in favor of the experimental gamble) is 5.
We also included two trial types in which both options had an
equal EV to measure framing effects. The negative framing trial
(0 frame) involved a wheel with a certain gain of 40 points and
a wheel with a .5 chance of gaining 80 and a .5 chance of gaining
0 points. The positive framing trial (0 – frame) involved a wheel
with a certain loss of 40 points and another wheel with a .5
www.sobp.org/journal
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whance of losing 80 points and a .5 chance of losing 0 points.
hese trial types were intended to assess effects of decision
rame (gaining or losing) on risk aversion. Healthy volunteers
how moderate risk aversion (preferring smaller, safer rewards)
hen comparing possible gains; when comparing possible
osses, they show a tendency toward risk seeking (avoiding more
ertain, but smaller, losses) (31).
All 10 trial types were presented twice per block in a
seudorandom order, and participants played 4 blocks per
ession. The control and experimental (or risky) gambles ap-
eared randomly on the left or right of the display, and partici-
ants indicated their choice using a computer mouse. Partici-
ants were given 100 points at the start of each block and were
nstructed to try to win as many points as possible. Feedback was
rovided and the revised points total was presented for 2
econds before the next trial.
tress Induction Procedure
Approximately 60 to 75 minutes after lunch, participants were
old they would be taking part in a competition with an
pponent of a similar age, with a cash prize for the winner. This
rocedure has been described in detail elsewhere (17). Briefly, it
nvolves inducing frustration and antagonism between the par-
icipant and a videotaped opponent. Frustration was induced by
aving the participant perform a difficult, computer-based man-
al precision task under time pressure while the opponent and
xperimenter watched. By design, participants failed to achieve
heir target score and received negative evaluations of their
erformance from the opponent. This procedure reliably elicits
ortisol secretion and increased autonomic activity in control
ubjects (16,17). Participants played the RCT for the second time
50 minutes after stress onset, at a point when cortisol and heart
ate are significantly elevated relative to baseline in control
ubjects (16).
isconsin Card Sorting Test (WCST)
The WCST assesses the ability to form abstract concepts and
hift between response sets (18). The computerized 64-card form
f the test (19) was administered under normal motivational
0
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igure 1. Schematic trial sequence of themodified Risky Choice Task. Availa
xpected value of 0 (.5 10 .510), is shown on the left, while the expe
n the right. Following response selection, a highlight spins around thewhe
his anticipatory phase, verbal and auditory feedback about the outcome (gonditions.
ww.sobp.org/journalFollowing previous research (11), we assessed: 1) number of
categories completed, 2) overall trials administered, 3) persevera-
tive errors, 4) nonperseverative errors, 5) trials to complete the
first category, and 6) failure to maintain set.
Data Analysis
Data on demographic and personality characteristics were ana-
lyzed using one-way analysis of variance (ANOVA) or chi-square
tests. Statistical tests used to analyze RCT and WCST data are
described below. Effect sizes are reported as partial eta-squared
(p
2; small  .01, medium  .06, large  .14) (32). Analyses were
performed using SPSS 11.5 (SPSS Inc., Chicago, Illinois).
Results
Table 1 presents demographic information for each group
and accompanying statistical analyses.
The groups differed in socioeconomic status (SES) [	2(4) 

23.8, p  .001]. Underlying this effect, EO-CD participants were
of lower SES than control subjects [	2(2) 
 23.7, p  .001]. There
were fewer nonwhite participants in the EO-CD group than the
AO-CD group [	2(1) 
 6.0, p  .05].
Relative to control subjects, there were more smokers in the
AO-CD [	2(1)
 26.3, p .001] and EO-CD groups [	2(1)
 37.7,
p  .001]. Frequency of alcohol use was higher in the EO-CD
group relative to control subjects [	2(1) 
 37.7, p  .001].
Compared with control subjects, cannabis use was more com-
mon in both AO-CD [	2(1) 
 15.4, p  .001] and EO-CD
participants [	2(1) 
 19.5, p  .001].
Performance Data
These data were analyzed using a mixed-model ANOVA with
group as a between-subjects factor and condition (normal vs.
increased motivation/stress) and round (1 to 4) as within-subjects
factors. There was no effect of condition (p 
 .87), round (p 

.67), or group (p 
 .99) on points gained during the task.
Choice of the Experimental Gamble by Trial Type and Session
Effects of IncreasedMotivation andStress onRiskyDecision
Making in Control Subjects. We used a repeated-measures
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G. Fairchild et al. BIOL PSYCHIATRY 2009;66:162–168 165nd trial type (10 types differing in EV) as within-subjects
actors. The dependent variable was the percentage of trials the
xperimental gamble was chosen in preference to the control
amble.
Figure 2 shows that control subjects chose the experimen-
al gamble less frequently under conditions of increased
otivation/stress (main effect of condition [F (1,83) 
 5.77,
 .05, p
2 
 .07].
There was a main effect of trial type [F (4.02,333.66) 
 361.09,
 .0001, p
2 
 .81] and a trial type  condition interaction
F (5.40,448.00) 
 17.43, p  .001, p
2 
 .17]. This interaction
as largely driven by changes in decision making on the framing
rials. Control subjects showed a framing effect under normal
Table 1. Participant Characteristics
Measure
CON
(n
 84)
AO
(n

Mean SD Mean
Age (years) 15.77 .82 15.54
Estimated IQ 105.92 12.17 98.29
Psychopathic Traits (YPI) 2.10 .30 2.38
CD Symptoms .24 .63 5.44
n % n
Socioeconomic Status
Low 10 11.9 8
Middle 15 17.9 7
High 54 64.3 14
Ethnicity
Caucasian 77 91.7 29
Nonwhite 7 8.3 5
Frequent/Daily Use of
Tobacco 14 16.7 22
Alcohol 3 3.6 2
Cannabis 7 8.3 13
Socioeconomic status information was unavailable f
AO, adolescence onset; AO-CD, adolescence-onset co
onset; EO-CD, early-onset conduct disorder; IQ, intellige
igure 2.Mean ( SEM) proportion of time the experimental gamblewas ch
roup. The difference in expected value (EV) between the experimental a
rdered according to the degree of preference for the riskier experimental g
ecision making by all groups was strongly influenced by the experiment
amble across trial types. However, the CD groups were more risky than c
ontrol gamblemost apparent in themiddle of thedecision-making curve. E
onditions of increased motivation/stress. AO-CD, adolescence-onset cond
ifference in expected value.conditions in favor of increased choice of the experimental
gamble on the negatively framed trial (0 – frame), relative to the
positively framed trial (0  frame). This effect of decision frame
was attenuated under conditions of increased motivation/stress.
Group Comparisons
Data were available for 156 participants (84 control subjects,
34 AO-CD, and 38 EO-CD) under both normal and increased
motivation/stress conditions (Figure 2). These data were ana-
lyzed as above, with the addition of group as a between-subjects
factor in a mixed-model ANOVA.
There were effects of trial type [F(4.18,639.17) 
 597.10, p 
.0001, p
2
 .80], condition [F(1,153)
 11.34, p .001, p
2
 .07],
EO-CD
(n
 38)
p Post HocD Mean SD
.90 15.75 .75 .38
.32 93.00 10.60 .001 CON AO, EO
.27 2.45 .35 .001 CON AO, EO
.72 8.32 3.17 .001 CON AO EO
n %
.5 16 42.1
.6 10 26.3
.2 7 18.4 .001
.3 38 100
.7
.7 28 73.7
.9 9 23.7
.2 16 42.1
e CON, five AO-CD, and five EO-CD participants.
t disorder, CD, conduct disorder; CON, control; EO, early
uotient; YPI, Youth Psychopathic Traits Inventory.
in preference to the control gamble for each Risky Choice Task trial type, by
ntrol gambles for each trial type is shown along the x axis. Trial types are
e observedwithin the control group under normalmotivational conditions.
tingencies, as shown by the dramatic shift in choice of the experimental
l subjects, with differences in choice of the experimental gamble over the
participantswere still susceptible to this framing effectwhenplayingunder
isorder; CD, conduct disorder; EO-CD, early-onset conduct disorder; EV,-CD
34)
S
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wnd group [F(2,153) 
 11.08, p  .001, p
2 
 .13] on experimental
amble choice. Post hoc group comparisons showed that both CD
ubgroups chose the experimental gamble more frequently than
ontrol subjects (p  .05 and p  .001 for the AO-CD and EO-CD
roups, respectively), but there was no difference between CD
ubgroups (p 
 .27). Post hoc comparison of conditions indi-
ated that participants selected the experimental gamble less
requently under conditions of increased motivation/stress.
In addition to these effects, there were significant trial type 
roup [F (8.00,612.44) 
 2.31, p 
 .019, p
2 
 .03] and trial
ype  condition [F (6.08,930.47) 
 16.65, p  .001, p
2 
 .10]
nteractions. The trial type  group interaction was investigated
y assessing group effects for each trial type independently.
hese analyses revealed that CD participants’ tendency to select
he experimental gamble more frequently than control subjects
as significant only on trial types with a EV of 40, 5, 5,
nd on the negatively framed trial (0 – frame). Similar analyses of
he trial type  condition interaction showed that participants
elected the experimental gamble significantly less frequently
nder increased motivation/stress conditions only on trial types
ith a EV of 40 and 5 and on the negatively framed trial. In
ontrast, they selected the experimental gamble significantly
ore frequently on the positively framed trial when under
ncreased motivation/stress.
Gamble Frequency Following Trials in Which the Experimental
ambleWasChosen. For each participant, four types of gamble
atio were calculated: the percentage of time the experimental
amble was chosen in a trial immediately following either a
arge loss (80), a small loss (20), a large gain (80), or a
mall gain (20). Data from four control subjects were
xcluded due to floor effects (they never gambled when large
osses were available when playing under conditions of
ncreased motivation/stress). We ran a mixed-model ANOVA
ith group as a between-subjects factor and condition, out-
ome (gain vs. loss), and magnitude (large vs. small) as
ithin-subjects factors.
There were effects of condition [F (1,149) 
 6.48, p 
 .012,
p
2 
 .04], group [F (2,149) 
 7.42, p 
 .001, p
2 
 .09], and
utcome [F (1,149) 
 8.42, p  .005, p
2 
 .05] on gamble
requency. Underlying the condition effect, participants overall
elected the experimental gamble less frequently after a gamble trial
n the increased motivation/stress condition than in the normal
otivation condition. Post hoc group comparisons showed that the
O-CD group selected the experimental gamble more frequently
fter a gamble trial than the control (p .001) and AO-CD groups
p  .05); the control and AO-CD groups did not differ (p 
 .60).
nderlying the outcome effect, participants chose the experi-
ental gamble more frequently in trials occurring after losses
han gains.
There was also a four-way condition  group  outcome 
agnitude interaction [F (2,149) 
 3.37, p  .05, p
2 
 .04],
eading us to explore data from the normal and increased
otivation/stress conditions independently.
Analysis of the normal motivation condition using a mixed-
odel ANOVA (3  2  2) revealed effects of group [F (2,149) 

.97, p  .01, p
2 
 .06] and outcome [F (1,149) 
 11.09, p 
001, p
2 
 .07] and a three-way group  outcome  magnitude
nteraction [F (2,149) 
 4.82, p 
 .01, p
2 
 .06]. This interaction
as driven by more frequent gambling after a small gain in the
O-CD group, relative to the other groups [F (2,151) 
 12.8, p 
001; post hoc: control vs. EO-CD, p  .001; AO-CD vs. EO-CD,
 .05] (Figure 3). Post hoc comparison on the effect of outcome
howed that participants gambled more frequently after losses
ww.sobp.org/journalthan gains (p 
 .005). Post hoc group comparisons showed that
EO-CD participants gambled more frequently than control sub-
jects (p  .01).
A mixed-model ANOVA using data from the increased moti-
vation/stress condition revealed an effect of group [F (2,149) 

5.64, p  .005, p
2 
 .07] but no other effects. Post hoc group
comparisons showed that EO-CD participants gambled more
frequently than control subjects (p  .005).
Confounding Factors
Using analysis of covariance (ANCOVA), we examined
whether our group effects could be explained by group differ-
ences in IQ, YPI (psychopathic traits) score, SES, ethnicity, and
cigarette, alcohol, or cannabis use. In analyzing the RCT data, the
only significant covariate was YPI score (p .05). In an ANCOVA
model including this factor, the group effect remained highly
significant (p 
 .005). To explore this effect further, we divided
the CD participants into high and low psychopathy groups using
a cutoff of 2.5 on the YPI (33) and repeated the analyses using
these subgroups. There was no clear effect of variation in
psychopathic traits on decision making in either motivational
condition (Supplement 2). Youth Psychopathic Traits Inventory
score was also the only significant covariate (p  .05) in the
analyses of experimental gamble frequency following a gamble
trial, but again, group effects and interactions remained signifi-
cant in the model including this covariate.
To verify that the group effects reported did not arise solely
through differences in estimated IQ, we repeated our analyses
excluding control subjects with IQ 110 and EO-CD participants
with IQ  80 (to equate groups on this variable, p  .2). All
group differences and interactions remained significant (Supple-
ment 3).
Since the normal and increased motivation/stress conditions
were always played in the same order, effects of stress were
necessarily confounded with both order and motivational differ-
ences. To assess the effect of factors other than stress, we used a
small (n 
 10) sample of control subjects, recruited in the same
way as control subjects in the main study. They performed the
RCT twice, with an equivalent change in motivational context
(payment for good performance) the second time but without
the social stress manipulation. There was a similar overall pattern
40
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G. Fairchild et al. BIOL PSYCHIATRY 2009;66:162–168 167etween conditions. The nonsignificant tendency (F  1) was
oward increased gamble frequency in the second, increased
otivational condition, the reverse pattern to that seen with a
tress manipulation. This suggests that the differences between
onditions in the main experiment may be best described as
ffects of a stress manipulation.
Detailed examination of the data relating to gamble frequency
ollowing a gamble trial did not reveal any sequence effects that
ould have biased the main group effects. The 10 trial types were
resented in a pseudorandom fashion and there were no sys-
ematic differences between groups in terms of the trial types that
ccurred following a specific event (e.g., a small gain).
isconsin Card Sorting Test
Data were unavailable for one control, two AO-CD, and two
O-CD participants. Apart from two EO-CD participants, all
articipants completed the six categories. The data were log-
ransformed to correct for a nonnormal distribution. Estimated IQ
as a significant covariate in these analyses; thus, we included
Q as a covariate in separate ANCOVAs, assessing group effects
n each WCST variable.
Following adjustment for group differences in IQ, the groups
id not significantly differ on categories completed, overall trials
dministered, perseverative errors, nonperseverative errors, trials
o first category, or failure to maintain set. The IQ-adjusted mean
cores for each group are shown in Table 2.
Given that our experimental design involved sampling from
ntact groups that may have been predicted to differ in IQ (34)
nd because there are difficulties in interpreting ANCOVA-
djusted means (35), we report nonadjusted WCST data and
ccompanying one-way ANOVA results in Supplement 4.
iscussion
Our key findings were: 1) increased motivation/stress led to a
ore cautious pattern of decision making in both control sub-
ects and CD participants; 2) increased motivation/stress affected
ontrol participants’ choices in framing trials, such that the effect
f the decision frame (gaining or losing) was markedly reduced;
) both CD groups selected the experimental gamble (the risky
hoice) on the RCT more frequently than control subjects, with
uch differences most apparent on framing trials and those in
hich the difference in expected value between choices was
elatively small; 4) there were group differences in reward
ensitivity, with early-onset CD participants selecting the exper-
able 2. IQ-Adjusted Wisconsin Card Sorting Test (WCST) Mean Scores for
ontrol, Adolescence-Onset CD, and Early-Onset CD Groups and ANCOVA
esults Including IQ As a Covariate
easures
CON
(n
 83)
AO-CD
(n
 32)
EO-CD
(n
 36)
p
ValueMean SE Mean SE Mean SE
ategories completed 6.0 .0 6.0 .0 5.9 .0 .18
rials administered 84.9 1.5 86.0 2.3 88.3 2.3 .58
erseverative errors 7.5 .4 8.3 .6 9.2 .6 .22
onperseverative errors 7.9 .5 7.2 .8 8.6 .8 .72
rials to first category 12.4 .4 11.7 .7 12.5 .7 .56
ailure to maintain set .4 .1 .4 .1 .3 .1 .81
Note thatWCSTdatawereunavailable for oneCON, twoAO-CD, and two
O-CD participants.
ANCOVA, analysis of covariance; AO-CD, adolescence-onset conduct
isorder; CD, conduct disorder; CON, control; EO-CD, early-onset conduct
isorder; IQ, intelligence quotient; WCST, Wisconsin Card Sorting Test.imental gamble more frequently in trials following a small gain
than the other groups; and 5) such changes in decision making
under risk did not appear to be explained by deficits in global, or
cold, executive function in CD (since there were no group
differences in WCST performance following IQ adjustment).
The present study demonstrated that early-onset CD partici-
pants selected more risky choices than control subjects under
both normal motivation and increased motivation/stress condi-
tions. The latter observation suggests that apathy or lack of
engagement with the task is unlikely to explain the observed
group differences in decision making. Similar to control subjects,
the early-onset CD participants’ choices were strongly influenced
by task contingencies, but they showed increased risk taking
across all trial types, suggesting a criterion shift in decision-
making behavior. It is currently unclear whether this shift reflects
increased sensitivity to reward or reduced sensitivity to loss or a
combination of these factors. In contrast with control subjects,
they showed framing effects in both the normal motivation and
increased motivation/stress conditions. This may be related to an
attenuation of physiological changes occurring under stress in
this group (16,17) or to a reduced awareness of such changes
(impaired interoception). Interestingly, while receipt of a small
gain suppressed gambling in control subjects, it appeared to
promote gambling in the early-onset CD group. One interpreta-
tion of this finding is that increased reinforcement or reward may
be required to satisfy individuals with early-onset CD and hence
suppress their risky decision making.
The adolescence-onset CD group also showed increased
choice of the experimental gamble relative to control subjects
under both motivational conditions. As noted above, their deci-
sion making was modulated by previous trial outcome in a
similar manner to control subjects, i.e., they showed no evidence
for altered reward sensitivity.
Following adjustment for differences in IQ, there were no
group differences on the WCST. In addition, virtually all partic-
ipants completed the test. This suggests that global or cold
executive function is broadly intact in CD, consistent with earlier
work (24) but at variance with our prediction of increased WCST
perseverative errors in early-onset CD participants. As such, it
seems unlikely that deficits in global EF underlie the observed
group differences in decision making or reward sensitivity.
Considered together, these data provide partial support for
the developmental taxonomic theory of antisocial behavior.
There were clear differences in decision-making behavior and
reward sensitivity between control subjects and participants with
early-onset CD. Differences in decision making between control
and adolescence-onset CD participants were not predicted by the
theory, however. A tendency toward increased risk taking may
partly explain why individuals with adolescence-onset CD have
a negative prognosis. Interestingly, the CD subgroups only
differed significantly in terms of reward sensitivity.
Two limitations are noted. First, differences in risky decision
making may reflect reduced sensitivity to rewarding or punishing
outcomes, increased risk taking (preferring gambles with more
uncertain outcomes because they generate increased arousal), or
other motivational differences. Additional research is needed to
disaggregate these factors. Second, the condition effects on RCT
performance that we have attributed to stress/increased motiva-
tion could instead be due to learning or order effects. This
limitation could be overcome using a counterbalanced, crossover
design. However, RCT performance did not differ between
normal and increased motivation conditions in a subgroup of
control subjects not exposed to stress.
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wonclusions
This study demonstrated that increased motivation/stress at-
enuated risky decision making in healthy adolescents and
educed their susceptibility to framing effects. Both CD sub-
roups showed increased risky decision making across motiva-
ional conditions relative to control subjects, although differences
ere most marked for the early-onset CD group. The latter group
as also more likely to select the experimental gamble after
eceiving a small gain compared with the other groups, poten-
ially suggesting differences in reward sensitivity. Such alter-
tions in reward mechanisms could increase vulnerability to
ubstance dependence and pathological gambling.
The study was funded by Project Grant #069679 from the
ellcome Trust. SHMvG and SCM were additionally supported by
ES-164-25-0017 from the Economic and Social Research Coun-
il. This research was completed within the National Institute for
ealth Research Collaboration for Leadership in Applied Health
esearch and Care for Cambridgeshire and Peterborough.
We thank our participants, and their parents and teachers,
or taking part in the study. We also thank the Cambridge Youth
ffending Service for helping with recruitment and the inter-
iewers on the project.
The authors report no biomedical financial interests or po-
ential conflicts of interest.
Supplementary material cited in this article is available
nline.
1. American Psychiatric Association (1994):Diagnostic and Statistical Man-
ual of Mental Disorders, 4th ed. Washington, DC: American Psychiatric
Association.
2. Disney ER, Elkins IJ, McGue M, Iacono WG (1999): Effects of ADHD,
conduct disorder, and gender on substance use and abuse in adoles-
cence. Am J Psychiatry 156:1515–1521.
3. BecharaA,DamasioAR,DamasioH, Anderson SW (1994): Insensitivity to
future consequences following damage to human prefrontal cortex.
Cognition 50:7–15.
4. Damasio AR (1994): Descartes’ Error: Emotion, Reason, and the Human
Brain. New York: Grosset/Putnam.
5. Bechara A, Damasio H, Damasio AR (2000): Emotion, decision making
and the orbitofrontal cortex. Cereb Cortex 10:295–307.
6. Sterzer P, Stadler C, Poustka F, Kleinschmidt A (2007): A structural neural
deficit in adolescentswith conductdisorder and its associationwith lack
of empathy. Neuroimage 37:335–342.
7. Fairchild G, van Goozen SH, Stollery SJ, Goodyer IM (2008): Fear condi-
tioning and affective modulation of the startle reflex in male adoles-
cents with early-onset or adolescence-onset conduct disorder and
healthy control subjects. Biol Psychiatry 63:279–285.
8. Sterzer P, Stadler C, KrebsA, Kleinschmidt A, Poustka F (2005): Abnormal
neural responses to emotional visual stimuli in adolescents with con-
duct disorder. Biol Psychiatry 57:7–15.
9. Van Goozen SH, Snoek H, Matthys W, Van Rossum I, Van Engeland H
(2004): Evidence for fearlessness in behaviourally disordered children: A
study on startle reflex modulation. J Child Psychol Psychiatry 45:884–
892.
0. Van Goozen SH, Cohen-Kettenis PT, Snoek H, Matthys W, Swaab-Barn-
eveld H, van Engeland H (2004): Executive functioning in children: A
comparison of hospitalised ODD and ODD/ADHD children and normal
controls. J Child Psychol Psychiatry 45:284–292.
1. Ernst M, Grant SJ, London ED, Contoreggi CS, Kimes AS, Spurgeon L
(2003): Decision making in adolescents with behavior disorders and
adults with substance abuse. Am J Psychiatry 160:33–40.
ww.sobp.org/journal12. Blair RJ, Colledge E, Mitchell DG (2001): Somatic markers and response
reversal: Is there orbitofrontal cortex dysfunction in boys with psycho-
pathic tendencies? J Abnorm Child Psychol 29:499–511.
13. Dunn BD, Dalgleish T, Lawrence AD (2006): The somaticmarker hypoth-
esis: A critical evaluation. Neurosci Biobehav Rev 30:239–271.
14. Rogers RD, Tunbridge EM, Bhagwagar Z, Drevets WC, Sahakian BJ,
Carter CS (2003): Tryptophan depletion alters the decision-making of
healthy volunteers through altered processing of reward cues. Neuro-
psychopharmacology 28:153–162.
15. Zelazo PD, Müller U (2002): Executive function in typical and atypical
development. In: Goswami U, editor. The Handbook of Cognitive Devel-
opmental Psychology. Oxford, UK: Blackwell, 445–469.
16. Fairchild G, van Goozen SHM, Stollery SJ, Brown J, Gardiner J, Herbert J,
Goodyer IM (2008): Cortisol diurnal rhythm and stress reactivity in male
adolescents with early-onset or adolescence-onset conduct disorder.
Biol Psychiatry 64:599–606.
17. van Goozen SH, Matthys W, Cohen-Kettenis PT, Buitelaar JK, van Enge-
land H (2000): Hypothalamic-pituitary-adrenal axis and autonomic ner-
vous system activity in disruptive children and matched controls. J Am
Acad Child Adolesc Psychiatry 39:1438–1445.
18. Berg E (1948): A simple objective technique for measuring flexibility in
thinking. J Genet Psychol 39:15–22.
19. Heaton R, Chelune G, Talley J, Kay G, Curtiss G (1993): Wisconsin Card
Sorting Test Manual. Lutz, FL: Psychological Assessment Resources.
20. Zelazo PD, Müller U (2002): Executive function in typical and atypical
development. In: Goswami U, editor. Handbook of Childhood Cognitive
Development. Oxford, UK: Blackwell.
21. Monchi O, Petrides M, Petre V, Worsley K, Dagher K (2001): Wisconsin
Card Sorting revisited: Distinct neural circuits participating in different
stages of the task identified by event-related functional magnetic reso-
nance imaging. J Neurol Sci 21:7733–7741.
22. Rogers RD, Ramnani N, Mackay C, Wilson JL, Jezzard P, Carter CS, et al.
(2004): Distinct portions of anterior cingulate cortex and medial pre-
frontal cortex are activatedby rewardprocessing in separable phases of
decision-making cognition. Biol Psychiatry 55:594–602.
23. Moffitt TE (1993): Adolescence-limited and life-course-persistent anti-
social behavior: A developmental taxonomy. Psychol Rev 100:674–701.
24. Raine A, Moffitt TE, Caspi A, Loeber R, Stouthamer-Loeber M, Lynam D
(2005): Neurocognitive impairments in boys on the life-course persis-
tent antisocial path. J Abnorm Psychol 114:38–49.
25. Pajer K, Chung J, Leininger L, Wang W, Gardner W, Yeates K (2008):
Neuropsychological function in adolescent girls with conduct disorder.
J Am Acad Child Adolesc Psychiatry 47:416–425.
26. Moffitt TE, Caspi A, Harrington H, Milne BJ (2002): Males on the life-
course persistent and adolescence-limited antisocial pathways: Fol-
low-up at age 26 years. Dev Psychopathol 14:179–207.
27. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et al. (1997):
Schedule for AffectiveDisorders and Schizophrenia for School-age Chil-
dren-Present and Lifetime Version (K-SADS-PL): Initial reliability and
validity data. J Am Acad Child Adolesc Psychiatry 36:980–988.
28. Wechsler D (1999):Wechsler Abbreviated Scale of Intelligence (WASI). San
Antonio, TX: Harcourt.
29. AndershedH, KerrM, Stattin H, Levander S (2002): Psychopathic traits in
non-referred youths: A new assessment tool. In: Blaauw E, Sheridan L,
editors. Psychopaths: Current International Perspectives. The Hague:
Elsevier, 131–158.
30. Moberg DP (2000): The Adolescent Alcohol and Drug Involvement Scale.
Madison, WI: Center for Health Policy and Program Evaluation.
31. Tversky A, Kahneman D (1981): The framing of decisions and the psy-
chology of choice. Science 211:453–458.
32. Cohen J (1988): Statistical Power Analysis for the Behavioral Sciences,
2nd ed. Hillsdale, NJ: Erlbaum.
33. Skeem JL, Cauffman E (2003): Views of the downward extension: Com-
paring the youth version of the Psychopathy Checklist with the Youth
Psychopathic Traits Inventory. Behav Sci Law 21:737–770.
34. Lynam D, Moffitt T, Stouthamer-Loeber M (1993): Explaining the rela-
tion between IQ and delinquency: Class, race, test motivation, school
failure, or self-control? J Abnorm Psychol 102:187–196.
35. Myers JL, Well A (2003): Research Design and Statistical Analysis, 2nd ed.
Hillsdale, NJ: Erlbaum.
